This study sought to determine if there were differences in B-type natriuretic peptide (BNP) levels across racial/ethnic groups and in their association with quality of care and in-hospital outcomes among patients with heart failure (HF).
The natriuretic peptides are counter-regulatory hormones involved in volume homeostasis and cardiovascular remodeling. B-type natriuretic peptide (BNP) levels have been shown to reliably facilitate diagnosis and predict prognosis in patients with acute and chronic heart failure (HF) (1) (2) (3) (4) (5) (6) (7) (8) (9) . Elevated BNP levels at admission have been associated with a higher risk of in-hospital mortality as well as increased hospital and intensive care unit length of stay (LOS) (9) . However, BNP levels may be influenced by a number of factors other than the severity of HF, including patient age (10, 11) , obesity (12, 13) , and renal insufficiency (14, 15) . Whether BNP levels are associated with race/ethnicity in patients with acute decompensated HF has not been well studied. Although limited data have suggested a potential interaction between race, BNP levels, and physicians' perception of HF severity (16) , the association of BNP levels at admission with quality of care and outcomes by race/ethnicity in HF is unclear. Using data from the Get With The Guidelines-Heart Failure (GWTG-HF) registry, we aimed: 1) to compare BNP levels at admission among 4 racial/ethnic groups (white, black, Hispanic, and Asian) in patients hospitalized with HF; and 2) to determine if there were differences in the associations of BNP levels at admission with quality of care and in-hospital outcomes by racial/ethnic group.
Methods
Data collection and patient selection. The primary data source for this study was the GWTG-HF registry, an ongoing, national, voluntary program initiated in 2005 to improve adherence to quality-of-care guidelines for patients hospitalized with HF. Details and objectives of this American Heart Association-sponsored quality improvement program have previously been described (17) . In summary, data including patient characteristics, medical history, medications, laboratory data, contraindications to treatment, inpatient care, outcomes, and hospital characteristics are collected using an interactive, Internet-based Patient Management Tool (Outcome Sciences, Inc., Cambridge, Massachusetts) by Outcome Sciences, Inc, the data collecting and coordinating center for GWTG. Data analysis was performed at the Duke Clinical Research Institute, which serves as the data analysis center and has institutional review board approval for analyzing the aggregate de-identified data for research purposes.
For this analysis, we included patients hospitalized with an episode of new or worsening HF as the primary reason for admission or with significant symptoms of HF that developed during hospitalization in which HF was the primary discharge diagnosis. Between January 2005 and July 2011, there were 155,316 patients admitted with HF from 299 hospitals fully participating in GWTG-HF. After excluding patients with no or missing BNP values (n ¼ 56,838), BNP out of range (>5,001 pg/ml, n ¼ 1,876), and race/ethnicity other than white, black, Asian, or Hispanic (n ¼ 4,530), data on 92,072 patients from 264 hospitals were analyzed (Fig. 1) . The primary analysis included a comparison of baseline characteristics, BNP levels at admission, and outcomes among the 4 racial/ethnic groups. Subsequent analysis was performed by dividing patients into both BNP quartiles and logtransformed BNP. The characteristics of patients and inhospital outcomes of patients with and without BNP measured overall and for each race/ethnic group are shown in Online Tables 1 to 5 . Variable definition, performance measures, and outcomes. BNP values were usually measured at the time of presentation but no later than within 24 h of admission. Although the GWTG-HF registry includes both BNP and NT-proBNP, only BNP was used in our analysis because most of the enrolled sites used the BNP assay. Race was recorded as part of a multiple-choice data entry tool (i.e., white, black, Asian, American Indian/Alaska Native, and Native Hawaiian/ Pacific Islander). A separate data element for Hispanic ethnicity (i.e., yes vs. no/not documented) was also applied. The following performance measures were included in this study: assessment of left ventricular (LV) function, prescription of angiotensin-converting enzyme inhibitors/ angiotensin receptor blockers (ACEIs/ARBs), use of betablockers, counseling for smoking cessation, and discharge instructions. In-hospital outcomes evaluated were in-hospital mortality and LOS. Statistical analysis. Baseline patient characteristics were compared among groups first by BNP quartiles and then by log-transformed BNP. Median values with interquartile Values are median (interquartile range) or % (n).
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BNP, Race, Care, and Outcomes in HF ranges (IQRs) were used to describe continuous variables, and numbers and percentages were reported for categorical variables. Chi-square tests were used to test for significant differences in categorical variables, and Wilcoxon rank sum tests were used for continuous variables. The association between BNP levels, performance measures, and clinical outcomes was assessed using multivariable generalized estimating equation logistic regression models, which accounted for the correlation of data within hospitals (18) . Variables in the model included age, sex, body mass index (BMI), blood urea nitrogen level, serum creatinine level, serum sodium level, systolic blood pressure, heart rate, ischemic history, ejection fraction, history of anemia, stroke/transient ischemic attack, diabetes, hyperlipidemia, hypertension, chronic obstructive pulmonary disease/asthma, peripheral arterial disease, renal insufficiency, smoking, geographic region, teaching hospital, and number of beds. Patients with sex and BMI coded as missing were excluded from the multivariable analysis. In general, overall missing rates for variables included in the model were less than 7%, with the exception of BMI, which was approximately 12%. Missing values for continuous variables were imputed to the overall median value. Because of higher missing rates for BMI, BMI was not imputed. Medical history variables were imputed to the most likely category ("no history"). Hospital characteristics (i.e., region, teaching hospital, and number of beds) were not imputed. A relationship between in-hospital mortality in each racial/ethnic group and BNP as a continuous variable was also examined using locally weighted smoother regression scatterplots (LOESS). The plots were created using the Hmisc package R version 2.12.0 (FE Harrell, Department of Biostatistics, Vanderbilt University, Nashville, Tennessee). Because of the small sample size of the Asian group, models for LOS and mortality were fit using the entire cohort. Interaction terms for log-transformed BNP by race were also included in the model to compare log-transformed BNP among racial groups. Linear regression using generalized estimating equations was used to explore whether race/ethnicity was associated with BNP and log-transformed BNP at admission. This model also adjusted for demographics, baseline patient characteristics, medical history, and hospital characteristics as described in the preceding text. All tests were 2 sided, and p values <0.05 were considered statistically significant. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, North Carolina).
Results
Patient population. A total of 92,072 patients (65,037 white, 19,092 black, 6,747 Hispanic, and 1,196 Asian) comprised the final study population. Baseline patient characteristics are presented in Table 1 . Overall, the median age was 75 years. White (median age: 78 years) and Asian (median age: 75 years) patients were more likely to be older than black (median age: 63 years) and Hispanic (median age: 70 years) patients. Ischemic etiology was predominant across all groups except black patients. Median BNP levels were significantly higher in Asian (1,066 pg/ml) and black (866 pg/ml) patients than in white (776 pg/ml) and Hispanic (737 pg/ml) patients (Table 1) . Levels of BNP by quartile for each racial/ethnic group are shown in Table 2 . With the exception of Asian patients, patients in higher BNP quartiles (Q4) were more likely to be older than those in lower quartiles (Q1) (Online Tables 6 to 9 ). Additionally, patients in higher quartiles were more likely to be male and have lower BMI, ischemic etiology, lower LV ejection fraction, and renal insufficiency, whereas patients in lower quartiles were more likely to have diabetes and hyperlipidemia. Table 3 shows the predicted (mean) value of log-transformed BNP for each racial/ethnic group (relative to white patients) and demonstrates that race/ethnicity was associated with BNP levels at admission independent of other patient and hospital characteristics. Performance measures. Table 4 displays adherence to performance measures stratified by BNP quartiles. Overall, there were some differences in quality of care between patients in higher BNP quartiles when compared with lower BNP quartiles, with some variability among racial/ethnic groups. Specifically, in unadjusted analyses, white and black patients, but not Hispanic or Asian patients, in higher BNP quartiles were more likely to receive ACEI/ARB therapy when compared with patients in lower BNP quartiles. Also, black patients, but not white, Hispanic, or Asian patients, in higher BNP quartiles were more likely to receive betablocker therapy. Interestingly, white and Hispanic patients in higher BNP quartiles were less likely to be given discharge instructions. After multivariate analysis, white and black patients with higher BNP levels were more likely than 
patients with lower BNP levels to receive discharge instructions and to have an evaluation of their LV function, while no significant difference was found among Hispanic or Asian patients (Online Tables 10 and 11 ).
In-hospital mortality and LOS. The association between BNP quartiles/log-transformed BNP and outcomes are summarized in Tables 5 and 6 and in Figure 2 . In unadjusted analyses, higher BNP quartiles were associated with higher in-hospital mortality in all groups except for Asian patients (white patients: Q4 5% vs. Q1 2%, p < 0. All values are expressed as % (n) unless otherwise noted. ACEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; other abbreviation as in Table 2 . BNP, Race, Care, and Outcomes in HF patients: OR: 1.20, 95% CI: 1.14 to 1.25, p < 0.0001). BNP levels were also independently associated with increased mortality in all subgroups (Table 6) .
Discussion
This large study of 92,072 patients with HF is among the first to explore the association between race/ethnicity, BNP levels at admission, quality of care, and outcomes. Our results offer some important findings. First, BNP levels at admission were higher in Asian and black patients than in white and Hispanic patients enrolled in GWTG-HF. Second, patients in higher BNP quartiles were more likely to be older and male and to have lower BMI, ischemic etiology, systolic dysfunction (LV ejection fraction <40%), and renal insufficiency regardless of race/ethnicity. Third, with few exceptions, the association between BNP levels and adherence to HF performance measures did not vary significantly across race/ethnicity. Finally, higher BNP levels correlated with longer hospital stay and in-hospital mortality irrespective of racial/ethnic group. Similar to results from the ADHERE (Acute Decompensated Heart Failure National Registry) study (9), we found that patients in higher BNP quartiles were more likely to be older and male and to have systolic dysfunction and lower BMI, all known strong prognostic markers in patients Vales are n (%) p value or OR (95% CI) p value. The reference group was Q1. *Variables in the model included age, sex, body mass index, blood urea nitrogen level, serum creatinine level, serum sodium level, systolic blood pressure, heart failure, anemia, ischemic history, ejection fraction, stroke/transient ischemic attack, diabetes (combined), hyperlipidemia, hypertension, chronic obstructive pulmonary disease/ asthma, peripheral vascular disease, renal insufficiency, smoking, region, teaching hospital, and number of beds. Abbreviations as in Table 3 . LOS ¼ length of stay; OR ¼ odds ratio. Tables 3 and 5 .
Krim et al. with HF. Our study also showed that patients in higher BNP quartiles were less likely to have diabetes, a finding that may likely be explained by the known inverse correlation between BNP levels and obesity (12, 13) . Concordant with previous findings indicating that black patients have higher BNP levels at admission than white patients (11, 16) , our analysis provides additional insight that there is a significant variation in baseline BNP levels among the 4 racial/ethnic subgroups independent of other patient and hospital characteristics. Previous data have suggested that variation in plasma BNP levels may be attributed to genetic factors (19) . In our study, the higher BNP levels seen in black patients may be explained by the higher rate of renal insufficiency, higher median systolic and diastolic pressure, and higher rate of lower median ejection fraction; however, even after adjusting for these variables, differences in BNP were noted. Similarly, the higher BNP levels observed in Asian patients may be related to their older age, male predominance, lower BMI, and higher rates of renal insufficiency (10) (11) (12) (13) (14) (15) , although race/ethnicity remained independently associated with BNP even after adjustment for these variables. Data on the association between BNP and quality of HF care remain limited. A report from the registry to IMPROVE-HF (Improve the Use of Evidence-Based Heart Failure Therapies in the Outpatient Setting) (20) showed that ambulatory patients with HF who had higher BNP levels were less likely to be treated with ACEI/ARB therapy or aldosterone antagonists. With some exceptions, we also found no significant association between BNP levels and adherence to HF performance measures across different racial/ethnic populations. This lack of correlation may imply an overall high quality of care implemented by participating GWTG-HF hospitals. As a counterpoint, this finding may indicate a mismatch between higher-risk and evidence-based interventions. Nevertheless, we found that higher BNP levels were associated with higher rates of discharge instruction delivery and LV function evaluation in white and black patients but not in Hispanic or Asian patients.
Prior studies examining the relationship between BNP, race, and outcome have been limited to white and black populations (11, 16) . The Breathing Not Properly Multinational Study (11) , an analysis of 1,586 patients with acute dyspnea, found that differences in BNP levels between white and black patients were small. Data from the RED-HOT (Rapid Emergency Department Heart Failure Outpatient Trial) study (16) demonstrated that while there were variations in BNP levels between white and black patients, there were no significant differences in 90-day clinical outcomes. With regard to in-hospital mortality by BNP levels at admission, although our unadjusted analysis showed differences across BNP quartiles between race/ ethnic subgroups, the adjusted ORs (except for white patients) were not statistically significant in other subgroups (Table 5) . Because there was no statistically significant heterogeneity for in-hospital mortality by BNP levels for the race/ethnic groups, our data would suggest that any individual group differences are not statistically important. Furthermore, after multivariate adjustment in the present study, we found a statistically significant association between BNP and LOS and in-hospital mortality in all racial/ethnic groups. Study limitations. Some limitations to our study need to be mentioned. First, because of the retrospective nature of our study and because BNP levels were not obtained in all patients, there is a potential for bias. The quality of chart review and data collection relied on the accuracy and completeness of documentation and abstraction; therefore, missing documentation of contraindications to guidelinerecommended therapy may have influenced our results. Second, data on race and ethnicity were self-reported and collected by administrative staff or admitting providers. Moreover, data subcategorized by Asian and Hispanic nationality, unavailable in the registry, may reveal other differences in clinical characteristics, access to care, and outcomes. Third, only BNP was included in our analysis because it was the most commonly used biomarker among participating hospitals. The applicability of these results with NT-proBNP needs to be clarified. Our findings were based on results from various commercially available BNP assays rather than from a single central core laboratory. Furthermore, we only included the BNP level at admission without documentation for serial or discharge BNP levels. Fourth, our results can only be interpreted among patients hospitalized with HF. Fifth, data on readmission rates and longterm outcomes were lacking. Sixth, our results cannot be extrapolated to non-GWTG hospitals, where adherence to BNP, Race, Care, and Outcomes in HF HF measures and outcomes of patients with HF may be different. Finally, because of a low sample size, our study was not sufficiently powered to adequately analyze the correlation of BNP with mortality in Asian patients; therefore, further study of the prognostic value of BNP in this racial/ ethnic group is needed. Conversely, because of the large study population, some differences that reached statistical significance may not necessarily represent clinical relevance.
Conclusions
Our study shows that among GWTG-HF patients, BNP levels differed by race/ethnic group independent of other patient and hospital characteristics. Specifically, Asian and black patients had higher BNP levels at admission than white and Hispanic patients. With some exceptions, there were no significant racial/ethnic differences in the association of BNP and adherence to HF performance measures. Higher BNP levels correlated with longer hospital stay and in-hospital mortality irrespective of racial/ethnic group, suggesting that race/ethnicity may not significantly affect the prognostic value of BNP among patients hospitalized with HF. 
